A medium composed of nutrient broth, 1.8% boric acid, and 1% sodium chloride at pH 7.0 was shown to maintain the stability of Escherichia coli cultures for up to 10 days at room temperature. By using this preservation medium for preparing a simulated sample, a successful proficiency test survey in water bacteriology was conducted.
A medium composed of nutrient broth, 1.8% boric acid, and 1% sodium chloride at pH 7 .0 was shown to maintain the stability of Escherichia coli cultures for up to 10 days at room temperature. By using this preservation medium for preparing a simulated sample, a successful proficiency test survey in water bacteriology was conducted.
A proficiency testing program in water bacteriology must be based on enumeration and thus requires the provision of samples with a fixed number of bacterial cells. Ideally, natural samples should be used; however, the bacterial numbers in such samples are not stable during storage (1), making natural water samples unsuitable for proficiency tests. A simulated water sample is the most practical alternative (4, 11) . Unfortunately, the bacterial preservation techniques useful in the qualitative proficiency testing programs of clinical bacteriology, such as Stuart transport medium (3), Bact-Chek disks (7) , and lyophilization (9) , are not suitable for quantitative investigations in water bacteriology. Although many bacterial preservation methods will ensure that the organisms will remain viable, none are able to maintain a constant number of bacterial cells (2, 6, 15, 17) .
Only two approaches for preparing proficiency testing samples for bacteriological analysis of water could be located. Cada (4) employed a system utilizing lyophilized cultures of Escherichia coli at 104 and 106 cells per 100 ml. Analysis of his data indicates that although the cultures maintained their viability during the 7-day holding period, the numbers recovered from each ampoule were not uniform, varying by as much as 10-fold in some instances.
Gray and Lowe (10, 11) described a formateglutamate medium containing 1.8% boric acid (I.F.L.G. Lac-) for preserving selected strains of E. coli and Klebsiella aerogenes for 7 to 10 days at room temperature. They used this technique for preparing simulated water samples for proficiency testing in Great Britain. During the course of their investigation, they examined a number of preservation media using a mostprobable-number technique for enumerating the organisms. In addition to the I.F.L.G. Lac-medium, they noted that nutrient broth with 1.8% boric acid maintained a stable cell number for an equivalent length of time; however, they did not pursue the investigation of this medium.
Gray and Lowe also considered preserving E. coli cultures by freeze-drying on soluble paper disks. They were, however, unable to produce disks inoculated with relatively small numbers of coliforms that yielded uniform cell numbers when reconstituted in sterile water. They also reported that some of the reconstituted cultures of E. coli had lost their ability to ferment lactose at 440C. This paper is a report of the development and practical application of a simple bacterial preservation medium for proficiency testing in water bacteriology. The optimum concentration of boric acid to be used as a preservative was determined by assay. The E. coli culture was suspended in nutrient broth containing varying concentrations of boric acid and enumerated after being stored at room temperature (Table 1) . Boric acid concentrations of 1.25, 1.5, and 1.8% were equivalent in maintaining culture stability for 3 days, but only 1.8% boric acid showed promise for extending the shelf life beyond this time. The addition of 1.0% sodium chloride and adjusting the pH to 7.0 were found to improve the performance of the nutrient broth-boric acid preservation medium (NSB).
MATERIALS
We observed that the E. coli culture suspended in NSB at 103 cells per ml survived 100% after 3 days of storage at room temperature, whereas the same culture held at 101 cells per ml showed a 40% loss in viable count. Table 2 shows the significance of initial cell density to the preservation of culture stability during storage in NSB medium. Stabilization of the E. coli culture during 10 days of storage was achieved only when the initial cell density was at least 108 per ml.
The reliability of the NSB medium for preserving an E. coli isolate during storage at room temperature was confirmed by the results of four trials shown in Table 3 . Analysis of variance (a = 0.01) of the data for each trial confirmed uniform recovery of cells during the 10-day storage period. The survival of different strains of E. coli isolates in NSB medium is shown in Table 4 . Isolates 2 and 5 maintained the same Proficiency test study. The results of nine samples analyzed in the reference laboratory are shown in Table 5 . After 6 days of storage at room temperature, the bacteriological counts of the NSB cultures were statistically uniform (a = 0.05), regardless of the diluent or recovery medium used, with the exception of the combination of phosphate buffer and M-FC medium. However, the mean total and fecal coliform counts were higher (46.6 and 40.2, respectively) when 0.1% peptone was the diluent than when Butterfield phosphate buffer was used (39.2 and 26.7, respectively). Also, the precision of the enumeration technique was distinctly better when 0.1% peptone was used to reconstitute the cells (coefficients of variation of 15% for both total and fecal coliform counts) than when Butterfield phosphate buffer was used as the diluent (coefficients of variation of 24 and 34%, respectively). Table 6 shows the results of the inter-laboratory analysis of the simulated water samples. Laboratories A, B, and C, which used 0.1% peptone water as the diluent, and D, E, F, G, and J, which used phosphate buffer as the diluent, had total and fecal coliform counts acceptable within the 95% confidence limits; laboratories H and I, which also used phosphate buffer, had results unacceptable at the 99% confidence limits.
DISCUSSION
We have demonstrated that preservation of stable bacterial cultures for up to 10 days at room temperature is practical using fluid suspensions. Furthermore, culture stability during prolonged storage was shown to be as dependent on initial cell densities as on the preservation medium itself.
CPM-A, which was modeled after some conventional enteric transport media (8) , was moderately successful in maintaining stable E. coli cultures for short periods of storage; however, this medium could not be modified to provide stability to the E. coli culture during prolonged storage at room temperature.
Without modification, nutrient broth medium with boric acid, as described by Gray and Lowe, did not preserve our E. coli cultures beyond 3 days of storage at room temperature. The incorporation of 1% sodium chloride, a preservative recommended by other investigators (5, 14) , and the adjustment of the pH to 7.0 resulted in the development of a simple bacterial preservation medium (NSB) capable of maint.aiing culture stability during prolonged storage at room temperature. Our boric acid assay results support the findings of Porter and Brodie (16) . A final performed by nine technicians using nine samples from the same lot as those distributed. These samples were held for 6 days in a dark cupboard at room temperature. Each analyst did five replicates, using both 0.1% peptone water and phosphate buffer as diluents. All media, membrane filters, and incubation conditions were kept uniform.
b SD, Standard deviation.
c ANOVA, Analysis of variance. NS, Not significant; S, significant. di ± 1.96 x SD.
ei ± 2.57 x SD. concentration of 1.8% boric acid had the best preservative effect.
We considered using paper disks as a means of holding cultures in preservation media. Although we were able to prepare culture-saturated disks (Difco 1571-33) with equivalent numbers of E. coli per disk, using a micropipette (Pipettman P-200, Gilson), we could not recover more than 56% of the cells that were added to the disk, despite vigorous shaking in dilution buffer. In addition, we were unable to prolong the shelf life of disk-preserved cultures, regardless of the preservation medium. The use of soluble paper disks might make this approach more feasible.
Sourek (17) (5, 15, 17) . Our inability to duplicate the results of Gray and Lowe, using nutrient with boric acid, may be related to our use of a pour plate, rather than a most-probable-number, technique for enumeration. Although the mostprobable-number technique is less precise than direct enumeration, broth enrichment has been shown to recover injured cells (which are likely to occur in preserved cultures) better than the pour plate technique (13) .
The analysis of the reference cultures demonstrated the effect of the two diluents on the recovery of stored cells. NSB-suspended E. coli, reconstituted in Butterfield phosphate buffer after 6 days of storage at room temperature and enumerated on M-FC medium at 44.5°C, resulted in fecal coliform counts significantly lower than those of the same culture reconstituted in 0.1% peptone water. In addition, the mean total coliform counts of the cells reconstituted in 0.1% peptone water were numerically higher, and the replicate enumeration was more precise, than those of the same cultures reconstituted in Butterfield phosphate buffer. Straka and Stokes (18) had previously demonstrated improved recovery ofbacterial cells when 0.1% peptone water rather than phosphate buffer was used as the diluent. The effect of the quality of distilled water on the performance of phosphate buffers was recently reported by Jensen and Hausler (12) . Our interlaboratory proficiency test results demonstrate the possibility of this effect. Only three laboratories, A, B, and C, used 0.1% peptone water as the diluent. The overall mean counts per milliliter pbtained by these laboratories were 43. 
